The hormone-dependent nature of many breast cancers and the clinical significance of the oestrogen and progesterone receptor indices are well documented (Osborne et al., 1980; Leake et al., 1981a,b) . There is, however, a significant proportion of patients whose response to antioestrogen therapy does not correlate with the receptor status. In order to study hormone dependence and growth regulation in vitro, primary cultures of human mammary epithelial cells have been established.
Growth of mammary epithelial cells in primary culture has proved difficult, with the major problem being the rapid overgrowth of the epithelial cells by stromal fibroblasts. The approaches adopted to overcome this problem include the use of substrates such as rat-tail collagen (Yang et al., 1979 (Yang et al., , 1980 , extracellular matrices (Wicha et al., 1979 (Wicha et al., , 1982 , feeder layers (Taylor-Papadimitriou et al., 1977; Smith et al., 1981) , conditioned media (Stampfer et al., 1980; Stampfer, 1982) , defined media (Hammond et al., 1983 (Hammond et al., , 1984 and clonogenic systems of growth (Hamburger & Salmon, 1977) .
The aims of this study were to develop a reproducible system to establish primary cultures of human breast epithelial cells from tumour biopsies and to assess their responses to hormones and growth factors. Tumour samples were minced into small cubes approx. 2mm3 and disaggregated with collagenase (final concentration 200 units/ ml). Dissociation of the tissue was performed for 1-5 days at 37°C in the standard growth medium F10/Dulbecco7s modification of Eagle's medium (1 : 1, v/v) buffered with 20 mM-Hepes (pH 7.4) and supplemented with 2 mMglutamine, 10% (v/v) foetal-calf serum, insulin (5 pg/ml) and antibiotics. The resulting cell suspension was filtered through a 200 pm mesh and either frozen in liquid nitrogen or seeded directly onto feeder layers of mitomycin-Ctreated mouse embryo fibroblasts. Cultures were maintained at 37"C, fed every 2 days and grown for 4 weeks in the presence or absence of steroids.
Growth and maintenance of breast epithelial cell colonies has been achieved most routinely using NIH-3T3 (26/35 successful cultures) and STO (1 5/20 successful cultures) feeder layers. The 3T3 cell line from NIH mice has proved three times more successful than that from Swiss mice (7/30 successful cultures) in supporting the growth of primary cultures.
Breast colonies have been derived from 'organoids' which are small clumps of epithelial cells that attach to the feeder layer, spread out and give rise to characteristic ring-shaped colonies. Within these colonies the cells exhibit a pavement-like arrangement and possess spherical nuclei with prominent nucleoli which are features consistent with epithelial cells. These colonies have been characterized by indirect immunofluorescence studies with a panel of antibodies against epithelial and human mammary cell antigens.
The effects of oestradiol and cortisol on the growth of the breast colonies have been assessed in terms of the number and area of colonies growing on the NIH-3T3 feeder layer. Oestradiol (10-9M) alone had little or no direct mitogenic effect whilst cortisol (lo-' M ) increased both the number and area of colonies derived from either receptor-positive or receptor-negative turnours. In combination, oestradiol and cortisol had a synergistic effect, resulting in a greatly enhanced effect on the growth of colonies regardless of the receptor status of the parent tumour (see Fig. 1 ).
Thus primary cultures of human breast epithelial cells have routinely been established from tumour biopsies (75% success rate) on NIH-3T3 and STO feeder layers and characterized with regard to their human mammary
Fig. 1. Steroid modulation of breast epithelial colony growth
Primary cultures, established using the methodology described, were grown for 4 weeks, fixed and stained with Giemsa. ER +/+ tumours contained oestrogen receptor in the soluble and nuclear fractions, as determined by an exchange assay, whilst ER 0/0 tumours contained no receptor in either fraction. Oestradiol (E) and cortisol ( C ) were added to final concentrations of lo-' and IO-'M respectively. Control cultures contained 0.02% (v/v) ethanol.
613th MEETING, CARDIFF epithelial nature. However, unequivocal proof of the malignant nature of the cells was not possible. The difference in the ability of the NIH and Swiss 3T3 feeder layers to select for the growth of breast epithelial cells remains unclear.
The absence of a direct mitogenic effect of oestradiol alone, together with its synergistic effect on growth with glucocorticoid, would support the concept that the mitogenic action of oestrogens in vivo may occur through an indirect mechanism. An obvious possibility is that stromal fibroblasts could mediate the response to hormones by secreting paracrine factors. The existence of endogenous cyclic nucleotides in higher plants has been firmly established (Brown & Newton, 1973 ; Brown e t a [ , 19793; Newton et al., 1980, 1984) but their roles remain to be elucidated (Brown & Newton, 1981) .
Recently it has been suggested that, by analogy with animal systems ?n yhich variation of the endogenous concentrations of 3 ,5 -cyclic nucleotides occur, such concentrations could be involved in controlling the cell cycle in higher plants (Levi et al., 1981, 1983) . These variations in cyclic nucleotide, content could be regulated by the activity of the 3',5 -cyclic nucleotide phosphodiesterase, as has been suggested for the animal systems (ONeill et al., 1975) . In this connexion, the occurrence of functional 3',5'-cyclic nucleotide phosphodiesterases in plants has been reported (Brown el al., 1977, 1979a) . In the present communication, we describe the partial purification and properties of a novel multifunctional cyclic nucleotide phosphodiesterase from Lactuca sativa cotyledons. Seeds of Lactuca sativa were surface-sterilized with sodium hypochlorite solution and after soaking for 6 h in running tap-water germinated and grown on moist filter paper for 3 days at 24°C in the light. Cotyledons from these plants were then detached and homogenized in Tris buffer (40 mM, pH 6.8) containing Ca2+, Mg*+, NH; (2 mM) and 2-mercaptoethanol (15 mM). The pellet obtained by 30-45% saturation with (NH4)2S04 was resuspended in 40mM-Tris buffer and dialysed for 3 h against the same buffer. After loading onto a Sephadex (3-200 column (24ml of bed volume), two peaks of phosphodiesterase activity were eluted. The first (1 1.5-13 ml) was of low activity and not studied further. The fractions comprising the second peak (15-19ml) were pooled and concentrated to 1 ml by ultrafiltration through an Amicon membrane (YM 10). After applying to an Affigel Blue affinity chromatography column (3.5ml of bed volume), two peaks of activity were eluted. The first eluted with the washing buffer (40mM-Tris/HCl, pH 6.8) and the second was eluted by 2 M-NaC1. These peaks were concentrated by ultrafiltration through an Amicon membrane and dialysed overnight against the same Tris buffer. Cyclic nucleotide phosphodiesterase activity was routinely determined by a modification of the procedure of Thompson & Appleman (1978) , using 3H-labelled adenosine, and cytidine and guanosine cyclic nucleotides as 
